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ATTENUATION MEASUREMENTS ON 
TELEPHONE AND TELEGRAPH LINES 


By J. W. Horton * 





N its most elementary form the 
measurement of the attenuation of 
a telephone or telegraph circuit 
consists of measuring the power de- 
livered to the line at the transmitting 
end and of measuring the power de- 
livered by the line at the receiving end. 
The attenuation-frequency characteris- 
tic of a line is obtained by repeating 
these measurements at a suitable num- 
ber of known frequencies. 

In making these measurements, the 
impedance of the load to which the 
line delivers energy is generally made 
equal to, or matched to, the character- 
istic impedance of the line, which can 
usually be considered as a pure resist- 
ance without appreciable error. If this 
matching condition is met, the power 
delivered by the source of energy to the 
line is identical with the power which 
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the same source would deliver to the 
load, were the latter connected to the 
source in place of the line. Further- 
more, when the line is connected be- 
tween the source and the load, the 
voltage across its input terminals and 
the voltage across the load terminals 
may be used as an indication of the 
power received and delivered, inasmuch 
as these voltages are impressed upon 
circuits of equal impedance. | 

In practice, therefore, the measure- 
ment of line attenuation is effected by 
terminating the line in a suitable 
load impedance, and in measuring the 
voltages across its input and output 
terminals. From the ratio of these two 
voltages, the attenuation of the line, in 
transmission units, is obtained by the 
following equation: 

N=20 logio _ decibels. 
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Figure 1. Apparatus and connections for measuring line attenuation by the modification of the 
standard method described in the accompanying article 
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In practice, the voltage at the re- 
ceiving end of the line generally has a 
magnitude so small that it cannot be 
measured by any available calibrated 
instrument. It is customary, therefore, 
to resort to a substitution method in 
which a calibrated attenuator, having 
the same impedance characteristic as 
the line, is used at the receiving ter- 
minal. The arrangement of circuits is 
shown in Figure 1. 

The attenuator receives energy from 
a source similar to that connected to 
the transmitting end of the line. The 
voltage across the input terminals of 
the attenuator is adjusted to be equal 
to the voltage across the input termi- 
nals of the line; hence, as the imped- 
ances are equal, the power delivered is 
the same in each case. An amplifier 
having an input impedance equal to 
the characteristic line impedance, and 
therefore suitable for use as a load, is 
connected alternately to the line and 
to the calibrated attenuator, and the 
latter adjusted until the output of the 
amplifier as indicated by any suitable 
instrument is the same for both con- 
nections. When this condition is 
reached, the voltage set up across the 
load by the line is equal to the known 
voltage set up across the same load by 
the calibrated attenuator. For con- 
venience, the latter is calibrated in 
transmission units — generally in deci- 
bels — and, hence, the attenuation of 
the line is indicated directly by the 
setting of the attenuator 

As has already been noted, the cali- 
brated attenuator must have the same 


characteristic impedance as the line. 
This condition applies only to the in- 
put terminals of the attenuator, and 
it is imposed in order that equal volt- 
ages across the input to the line and the 
input to the attenuator shall indicate 
equal amounts of power. When this 
condition is met, it is apparent that the 
calibrated attenuator presents the same 
impedance to the secondary source as 
would the load, were the secondary 
source and the load connected directly 
together. | 

Provided that the input impedance 
of the attenuator is the same as the 
load impedance, it is unnecessary for 
the output impedance of the attenuator 
to match the load impedance, inas- 
much as the indicated attenuation for 
any setting refers to the actual ratio 
between the power supplied to the 
attenuator and the power delivered by 
the attenuator to the load. In other 
words, in those attenuation networks 
which present a constant impedance to 
the source only (1. e., L-type networks) 
the loss due to the impedance mis- 
match on the load side is included in 
the calibration. 

In making the measurement outlined 
in the preceding discussion it is, of 
course, necessary to be sure that the 
frequency of the current supplied to the 
line and the frequency of the current 
supplied to the calibrated attenuator 
are identical. In order to avoid the 
necessity for repeatedly making this 
adjustment, and also to permit 
the measurement to be made in cases 

(Continued on page 7) 
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FicurE 2. A method of measuring line attenuation like that of Figure 1 except that an amplifier 
replaces the oscillator at the receiving end of the line 








SIMPLIFIED INDUCTANCE CALCULATIONS 


By James K. Crapp* 


HILE much material has been 
published on the calculation of 
the inductance of coils,f the 
formulae given are in general not con- 
venient for engineering use. ‘Two dif- 


ficulties are encountered in applying 
the results in engineering practice, one 


Tables of the values of Nagaoka’s 
correction factor have been prepared, 
but require considerable time to use 
due to the necessity for interpolations. 
The table values may be plotted in the 
form of a curve, but a more convenient 
interpolation is made 
































































































































































































































































































































































































































































































































































































































being the involved computations and _ possible by plotting ft 

the other the fact that differences in these values on logar- 700 

form and wire sizes and errors in the _ ithmic scales, as has 

measurement of these factors intro- beendoneinFigure <4 

duce errors in the calculations which 3. Where much a od 

largely vitiate the utility of precise workofthistype 48H 

formulae. is done, the <4 600 
For single-layer coils at radio fre- scales may 

quencies (and, with slight modification, _ be transfer- 

for bank-wound coils), Nagaoka’s for- red to a ; 

mula probably is the best for general slide- ¢! 

engineering use. While neglecting the rule 500 

shape and size of the cross-section of 

the wire, the self-capacity of the wind- : rc 

ing and the variation of inductance due j U 

to skin-effect, it may be shown that the = 

formula gives about as good results for 400 > 

high-frequency inductance as can be — 

obtained. - 
* Engineer, General Radio Company. + 
7 See in particular the publications of 300 < 

the U. S. Bureau of Standards and the - 

Proceedings of the Institute of Radio ~ 

Engineers. A 

y 

Figure 1. Inductance of coils = 

closely wound on General 200 

Radio Type 577 Form as a 

function of the number 

of turns and different 

sizes of double-silk- 4 

covered wire. Table 44 

I gives the num- 100 

ber of turns 

for this | 

form ft 
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FigurRE 2. Inductance of coils wound on General 
7 Form with double-silk-covered 
wire in which the turns have been equally spaced in 
order to fill the 2-inch winding space. Here, np = Yn 
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so that no reference to printed material 
is required. 

The formulae given here, when care- 
fully applied, give values of inductance 
to within about two per cent. for single- 
layer coils and to within about five per 
cent. for four-layer bank-wound coils 
for frequencies where the coils would 
serve as normal tuned-circuit elements. 

The general formula is 


22 
aed 0.1003a2n2K 


, microhenrys (1) 
b 





INDUCTANCE IN MCH. 


inches, n is the number of turns, 
b is the length of the winding in 
inches, and K is Nagaoka’s cor- 
rection factor which is a function 


a 
of *) or the ratio of diameter to 


b 
length of the winding. 

If no is the number of turns per 
inch, the inductance and ratio of 
diameter to length are more con- 
veniently given by: 

L=0.10038a2nn kK, 
microhenrys (2) 


or L=0.0251d’nnk, 
microhenrys (3) 
2a ano dno 


where — = — = 
bh n 


and d is the diameter of the mean 
turn in inches. 

Given the size of wire and its insula- 
tion and the diameter of the coil form, 
No as wound, is found from Table I and 


dno 


— is readily computed for any desired 
n 


numeric (4) 





number of turns. Read the correspond- 
ing value of K from the scales at the 
left. The inductance 1s 
then easily computed by 
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Figure 3. Values of Naga 
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For banked windings of not too great 
depth as compared with the diameter, a 
close approximation for the inductance 
is obtained by using Nn. for the turns 
per inch (where N is the number of 


banks) and = 





for the ratio of diam- 


eter to length. 


Then - = dNNe 


and L=0.0251d?Nnnk, 
microhenrys (6) 
The number of turns required for a 
desired value of inductance cannot be 
directly calculated since K varies as n 
is varied. With given types of wind- 
ings experience will indicate an ap- 
proximate value for the number of 
turns. If the computations are carried 
out and the inductance obtained is 
near the desired value, the correct 
number of turns to give the desired 
value may be obtained by readjust- 
ment, since K does not vary rapidly 
with n. Where many values are re- 
quired it is simpler to calculate a suf- 
ficient number of values for a curve. 
The required values may then be read 





numeric (5) 
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TABLE I 

Winprnc Data ror CLosELY Wounp COoILs 
TOTAL 

TURNS 

FOR 

SizE TURNS PER INCH FuLL 
OF 2-INCH 
WIRE ForM 

B&S 

Single| Double} Single |Double} Dou- 
Enamel’'siik | Silk |Cotton|Cotton\bleSilk 

20 29 27 25 27 25 50 
22 36 34 $0.5 34 30 61 
24 45 43 38 41 35 76 
26 37 52 | 45 50 41 90 
28 71 64 53 60 48 96 
30 88 80 66 71 55 110 
32 120 95 76 84 62 124 























EXAMPLES OF CALCULATIONS 


Given: Form diameter=2.75 inches 
(General Radio Company TyPE 577 
Form). Wire size= No. 20 double-silk- 
covered. Find: The inductance for coil 
of 35 turns. 

Procedure: In Table I find no =25 


; (2.75+ =) 
ns —F 
n 35 











' Nagaoka’s constant K for Off directly. (See Figures From scales, opposite 1.99 for { 2 _ 
«8 enahapitiieals iit. a and 2, for example.) | 
" 

. f " 2 = 
of 2 32282 8S = sv @teebees 1 
= 
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FOR MEASUREMENTS 
OF ATTENUATION 





OSCILLATORS 


TYPE 377-B 


Low-Frequency 
Oscillator 


$350.00 





Covers frequency range of 20-70,000 cps. with 
good waveform. Suitable for use at transmitting 
and receiving end of line. 


POWER-LEVEL 
INDICATORS 


TYPE 586-A 


Power-Level 
Indicator 


$60.00 


Ideal for measuring voltage input to line and to 
attenuation box. Calibrated in db between —10 
and +36 db. 


ATTENUATION BOXES 








TYPE 249 





TYPE 329 


Several different types are available with L-» 
T-, H-, and balanced-H-type sections. There is 
one to mect every need. See Catalog F-X2 for 


further information. 


OUTPUT METERS 


TYPE 486 
Output Meter 
$38.00 





A convenient instrument for indicating the 
power delivered by the load amplifier. Accurate 
over audio-frequency band. 


CATALOG F-X2 


describes all of these instruments in detail. Ask 
for a copy on your business letterhead. It’s freeto 
engineers and other interested persons. 


GENERAL RADIO COMPANY 
CAMBRIDGE A MASSACHUSETTS 














K=0.526 
L=0.0251 X (2.79)? X35 K 25 X 0.526 
=90.0 microhenrys. 
For a rough estimate, the diameter 
of the form may often be taken as the 
diameter of a turn. In the above ex- 


ample this procedure gives ~. 1.965, 
n 


K=0.530 and £=88 microhenrys, 
which differs from the previous value 
by about 2.5 per cent. 

For bank-wound coils an example is 
as follows: 


Gwen: d=2.75, no=25, N=4, and 
n= 200 





4 : 
INne_ (2.75+ <0 x4 


n 200 
= 1.455. 


From Figure 3, K=0.604 


Then, 





2 
Then L=0.0251 x(2.75+ i) x4 
X25 X 200 X 0.604 =2570 microhenrys. 


Many experimenters and many engi- 
neers “design”’ inductors by guessing 
at the number of turns, then peeling 
off wire until the correct value of 
inductance is obtained rather than go 
to the trouble of using the usual tables 
and formulas. -Our experience with 
the method described here proves con- 
clusively that much time and effort 
are saved by calculating the desired 
value of inductance before the coil is 
wound. 

REPRINTS 


EPRINTS of Mr. Clapp’s article 
have been prepared on bond paper 
for the use of our own engineering 
department and a few extra copies are 
available. The bond paper will stand 
handling much better than the paper 
on which the Experimenter is printed. 
A copy of the reprint may be had with- 
out charge by writing to the General 
Radio Company. 
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HORTON: ATTENUATION MEASUREMENTS 
(Continued from page 2) 


where a duplicate source may not be 
available at the receiving end, it is 
possible to carry out the measurement 
as indicated in Figure 2. In this figure 
it will be noted that the oscillator of 
Figure 1 is replaced by an amplifier 
which may be connected to the line 
whenever the load is connected to the 
output of the calibrated attenuator. 
The amplification of this secondary 
source amplifier is adjusted until the 
voltage across the input end of the at- 
tenuator at the receiving terminal is 
the same as the voltage across the input 
end of the line at the transmitting 
terminal. In this case, it is apparent 
that the frequency of the current de- 
livered to the attenuator must be 
identical with the frequency delivered 
to the line. One objection to this method 
lies in the fact that the wave supplied 
to the attenuator may fail to duplicate 
exactly the wave supplied to the line, 
due to the presence of interference 
picked up by the latter. 

It should be noted, in connection 
with the alternative source of local 


current just described, that it is un- 
necessary for the input impedance of 
the secondary source amplifier to 
match the line impedance, inasmuch as 
the efficiency of this connection plays 
no part in the measurement. It should 
further be pointed out that it is quite 
unnecessary to know the gain or am- 
plification of the source amplifier, or of 
the load amplifier used in making the 
voltage comparison; the frequency 
characteristics of these amplifiers are, 
consequently, of no importance in con- 
nection with the attenuation measure- 
ment, provided that the gain is ade- 
quate at all frequencies. 

To summarize the requirements im- 
posed on the measuring equipment, 
therefore, we note that the calibrated 
attenuator must be designed so as to 
have the same input impedance as the 
line with which it is to be compared, 
and that the impedance of the voltage- 
indicating amplifier, which is connected 
alternately to the line and to the cali- 
brated attenuator, must match this 
characteristic impedance. 


MISCELLANY 


CARDIOTACHOMETER 


N the July, 1930, issue of the Exz- 

perimenter, Horatio W. Lamson 
described an instrument called the 
cardiotachometer which he built in 
collaboration with Paul Bauer, for 
measurement of a patient’s heart at 
rest or during exercise. 

Two of our readers have written that 
a similar instrument was described by 
Dr. Ernst P. Boas in the. Archives of 
Internal Medicine for March, 1928. 
Mr. Lamson did not then know of Dr. 
Boas’ cardiotachometer or he would 
have referred to it, inasmuch as it had 
many features he found necessary to 


make his instrument work satisfac- 
torily. 

The instrument was developed by 
Dr. Boas at Montefiore Hospital in 
New York City, while he was the 
medical director of that institution. 
From the outset, Dr. Benjamin Lie- 
bowitz was associated with him in the 
work. They were fortunate in obtaining 
help in the design and construction 
of the amplifier from Dr. Alfred N. 
Goldsmith and Julius Weinberger, 
Theodore A. Smith, and George Rod- 


win of the Radio Corporation of 


_ America. Subsequent developments of 


the instrument were worked out by Dr. 
William W. Macalpine, at that time 
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fellow in the department of physics at 
Columbia University. 

Dr. Boas has given us a great deal of 
information about the use of the ap- 
paratus and anyone interested in heart 
measurements should read the results 
of his measurements in the following 
articles: Boas and Goldschmidt, “‘Con- 
tinuous Recording of the Heart Rate 
During Operations,” Journal American 
Medical Association, XCIV_ (1930), 
1210; Boas and Weiss, “The Heart 
Rate During Sleep as Determined by 
the Cardiotachometer,” JournalAmeri- 
can Medical Association, XCII (1929), 
2162; Boas and Goldschmidt, Klinische 
Wochenschrift, IX (1930), 1115; and 
Boas, *‘ The Ventricular Rate in Auricu- 
lar Fibrillation Studies with the Car- 
diotachometer,”’ American Heart Jour- 
nal, IV (1929), 449. 


PRECISION WAVEMETERS 


WNERS of General Radio Typr 
994, Typr 224-A, and Typr 224-L 
Precision Wavemeters will be interested 
in knowing that we have just completed 
the preparation of a new instruction 
book to cover all three instruments. 
If you have one of these precision 
wavemeters, you are entitled to a copy 
without charge. Please mention the 
type number and serial number of your 
wavemeter in your request. 


VoLUME CONTROLS 
CCORDING to some of the General 


Radio Company’s advertising, an 
article on the use of volume controls 
in high-quality sound systems was to 
have appeared this month. Unfortu- 
nately, it has been necessary to post- 
pone the appearance of this article 
to a future issue of the Experimenter. 
We hope that no reader has been 
inconvenienced. 


SUPERHETERODYNE 
NGINEERS working on the design 


of superheterodyne receivers can 
now obtain a special inductor for 
covering the range between 200 ke. and 
150 ke. with the Type 403-C Stand- 
ard-Signal Generator. This makes it 
possible to make selectivity and sensi- 
tivity measurements on the intermedi- 
ate-frequency amplifier. 

The new inductor, when _ uncali- 
brated, is designated Tyrr 403-P8 and 
is priced at $16.00; when calibrated it is 
designated Typr 403-Q8 and is priced 
at $24.00. For other notes applying to 
additional inductors, please refer to 
Catalog F, page 90. If you haven’t 
a copy, ask us for Catalog F-XQ2. 


The General Radio Experimenter is published 
monthly to furnish useful information about the 
radio and electrical laboratory apparatus manu- 
factured by the General Radio Company. It is 
sent without charge to interested persons. Re- 
quests should be addressed to the 

GENERAL RADIO COMPANY 

CAMBRIDGE A, MASSACHUSETTS 


RUMFORD PRESS 
CONCORD.N.H. 








